Wind energy development is rapidly expanding in North America, often accompanied by requirements to survey potential facility locations for existing wildlife. Within the USA, golden eagles (Aquila chrysaetos) are among the most high-profile species of birds that are at risk from wind turbines. To minimize golden eagle fatalities in areas proposed for wind development, modified point count surveys are usually conducted to estimate use by these birds. However, it is not always clear what drives variation in the relationship between on-site point count data and actual use by eagles of a wind energy project footprint. We used existing GPS-GSM telemetry data, collected at 15 min intervals from 13 golden eagles in 2012 and 2013, to explore the relationship between point count data and eagle use of an entire project footprint. To do this, we overlaid the telemetry data on hypothetical project footprints and simulated a variety of point count sampling strategies for those footprints. We compared the time an eagle was found in the sample plots with the time it was found in the project footprint using a metric we called "error due to sampling". Error due to sampling for individual eagles appeared to be influenced by interactions between the size of the project footprint (20, 40, 90 or 180 km 2 ) and the sampling type (random, systematic or stratified) and was greatest on 90 km 2 plots. However, use of random sampling resulted in lowest error due to sampling within intermediate sized plots. In addition sampling intensity and sampling frequency both influenced the effectiveness of point count sampling. Although our work focuses on individual eagles (not the eagle populations typically surveyed in the field), our analysis shows both the utility of simulations to identify specific influences on error and also potential improvements to sampling that consider the contextspecific manner that point counts are laid out on the landscape.
Introduction
Monitoring and surveying are critical for wildlife management and conservation. These processes are designed to estimate wildlife occupancy, abundance and survival, and thus to evaluate existing management practices and compliance with regulatory requirements (Gibbs et al., 2013) . However, wildlife monitoring is often confounded by survey error (Yoccoz et al., 2001 ). For example, most survey methods do not detect all animals in a surveyed area and therefore rely on subsampling and inference to larger areas. These problems are especially relevant to sparsely distributed species for whom detection rate is low and dependent on survey effort and on sampling design (Thompson, 2004) .
At large infrastructure facilities, pre-construction wildlife surveys have become integral to risk assessment and conservation efforts. Wind energy development is rapidly expanding in North America. Because wildlife is sometimes negatively affected by these facilities, developers face potential conflict with legally-protected species (Kiesecker et al., 2011) . The consequences to wildlife from turbine development are direct, through strike injury or mortality (Hunt, 2002; Drewitt and Langston, 2006; Kunz et al., 2007; Arnett et al., 2008; De Lucas et al., 2008) or indirect, through habitat loss, fragmentation and disturbance (Drewitt and Langston, 2006; Pruett et al., 2009; Kiesecker et al., 2011) . The U.S. Fish and Wildlife Service (USFWS) suggests modified point count surveys to assess use of existing and proposed wind facilities by some species of birds such as golden eagles (Aquila chrysaetos) (e.g., Strickland et al., 2011 , USFWS, 2013 . Point count sampling was originally developed to monitor passerines in terrestrial habitats (Ralph et al., 1995) . The process involves recording the number of individual birds observed or heard within a circular plot. The modified point count approach recommended by the USFWS is used to record the amount of time that eagles spend in a three-dimensional survey plot. These data are then input to an eagle risk model (New et al., 2015) to predict eagle exposure to turbines, collision probability and fatality rates for a proposed wind facility (e.g., Douglas et al., 2012) . However, it is not clear how accurately the data collected during these point counts relate to actual use of the project footprint by eagles.
Golden eagles are among the most high-profile species killed at wind facilities . Within the USA, golden eagles also have state and national-level regulatory protections (e.g., the Bald and Golden Eagle Protection Act, 16 U.S.C. 668 et seq.). Consequently, substantial effort has been dedicated to understand and mitigate threats to this species and, at wind energy facilities, detailed protocols have been designed to predict and manage disturbance and take of golden eagles (New et al., 2015; Strickland et al., 2011; USFWS, 2013) . However, golden eagles are not easy to monitor. This is because many aspects of their ecology -low population density, long-distance and often seasonal movements, and avoidance of humans -all combine to make them difficult to detect and count (Fuller and Mosher, 1981) . Therefore, as an initial step towards evaluating the utility of point count surveys as suggested by the USFWS, we examined GPS telemetry data from individual eagles tracked in an area well suited to wind energy development and we compared the amount of time a surveyor would have detected the eagles within a point count to the amount of time the eagles actually spent in the project footprint. The telemetry data we used were collected in the Mojave Desert of California with sufficiently short inter-fix intervals to allow us to evaluate the effects of different eagle survey strategies on estimates of actual use of project footprints (Garman et al., 2012) .
Methods

Study area
California has some of the highest renewable energy targets in the continental USA (Department of Interior Secretarial Order 3285; Renewable Energy Action Team, 2010) and there are numerous planned and operating wind energy projects in southern California. Much of this development is guided by the Desert Renewable Energy Conservation Plan (DRECP; Fig. 1 ; California Executive Order S-14-08, Renewable Energy Action Team, 2010) . Golden eagles are a conservation priority within the DRECP and there are an estimated 74 occupied golden eagle nesting territories on ∼4.5 million hectares of public land in the Mojave and Sonoran Deserts of California (Latta and Thelander, 2013) . Although golden eagle territories are sparsely distributed in this region, recent work demonstrates that these eagles use far more space than previously thought (Braham et al., 2015) .
Telemetry data
Seven territorial adults and six fledgling golden eagles in the Mojave Desert were outfitted with solar powered GPS-GSM (global positioning system-global system for mobile communications) telemetry units (Cellular Tracking Technologies, Rio Grande, NJ, USA). Units weighed 80-95 g, < 3% of body weight (Braham et al., 2015) and were affixed as backpacks with Teflon ribbon harnesses (Kenward, 1985) . The units collected GPS fixes every 15 min for 9 days and then at 30 s intervals every 10th day. Data from the units were then sent over GSM networks to a remote server where they were available for download. Post processing of the data involved removing data with GPS errors and 2D or low quality fixes (Horizontal dilution of Precision > 10) 1 .
Analysis
Our 30 s data were too sparse for most of the detailed analyses we conducted and thus the majority of analyses were conducted on data collected at 15 min intervals. To standardize our data set, we subsampled the 30 s data to 15 min intervals (except for one analysis in which we compared 15 min and 30 s data, see below). We analyzed telemetry-derived GPS data of residential birds collected in two calendar years, 2012 and 2013 (Table 1) within a polygon encompassing part of the Mojave Desert. We note that constraints on sample size here are different than those required if estimating home range (Soanes et al., 2013) .
Eagle survey guidelines
The USFWS Eagle Conservation Plan Guidance (ECPG), derived in part from Strickland et al. (2011) , provides recommendations for surveys of golden eagles at potential wind facility locations (USFWS, 2013) . These are often used when a project site has been selected but the exact layout of turbines has not yet been determined. A brief outline of the ECPG recommendations for point count surveys is provided in SI1.
Experimental design
At the time of data collection, there were no operational large-scale wind facilities within our study area. Thus, to evaluate the potential of modified point count surveys to assess individual eagle use of a hypothetical project footprint, we measured the times when the telemetered eagles passed through point count plots and project footprints that we simulated on the landscape. To do this, we first overlaid telemetry data from eagles onto the study area. We then compared the time spent by telemetered eagles within simulated point count plots to time spent in associated simulated project footprints. The process of converting our actual telemetry data to hypothetical survey data is described in the Supplementary information (SI2).
We evaluated the strength of the relationship between use of point count plots and use of project footprints with a metric we called the error due to sampling. To do this, we measured how error due to sampling was influenced by (a) the point count sampling type (the ways in which point count plot locations are distributed within the project footprint); (b) the sampling intensity (the spatial coverage of the project footprint by point count plots); (c) the size of the project footprints; and (d) seasonality (eagle movements and behavior often vary between breeding and non-breeding seasons). We also looked for interactions between these factors. Finally, for a subset of the data, we separately evaluated how error due to sampling was affected by changes in sampling frequency (i.e., if surveys were conducted weekly, bi-weekly, monthly or every 4 months).
The details of our analytical approach were as follows:
1. We simulated project footprints of 20, 40, 90 and 180 km 2 to capture a range of sizes of wind facilities (Fig. 2) . A description of the size, shape and placement of footprints in the study area are provided in SI3. Information on number of birds and GPS fixes represented within each simulated project footprint is provided in the results. 2. We simulated modified fixed-radius point count plots within those footprints according to different sampling strategies (SI4 and point 5 below) and calculated the amount of time that telemetered eagles spent in the point count plots and in the simulated footprints (SI2). 3. We compared the amount of time telemetered eagles spent in point 1 Further details on telemetry systems, their attachment to birds, the data they collect, M. Sur et al. Ecological Indicators 88 (2018) 126-133 count plots to the time they spent in the simulated project footprints and we evaluated the strength of the relationship between the two i.e., the "error due to sampling". To do this, we first calculated the predicted time spent in project footprints using the formula: 
We then used the actual time spent in the project footprint (measured by GPS telemetry) to calculate the relative error in measurement (derived from Bowerman et al., 2004) or here, an "error due to sampling", defined as follows: 
4. We did this for two years of data and 24 point count approaches composed of all combinations of: a. three different point count sampling types (random, systematic, stratified by altitude) (SI4), b. two different sampling intensities (30% or 60% area coverage) (SI4), c. four different project footprint sizes (2 replicates each of: 20, 40, 90 and 180 km 2 ) (SI3 and SI4);
5. To account for seasonal changes in eagle biology and, thus, the availability of eagles to be counted, we calculated error due to sampling by season for all combinations of the sampling approaches Sur et al. Ecological Indicators 88 (2018) 126-133 in point 5. We assigned seasons by dividing the calendar year into three periods we named breeding 1 (September to January, generally the time before egg-laying), breeding 2 (February to April, when eggs and chicks are in the nest) and non-breeding (May to August). These were defined based on previously published eagle movement data from this area (see Fig. 1 , Braham et al. 2015) . 6. To assess the potential effects of and interactions among size of the project footprint, sampling type, sampling intensity and seasons on errors due to sampling, we used a linear mixed model to evaluate fixed effects for sampling type, sampling intensity, footprint size and season (2.4.1 below). 7. We then used results from this modeling exercise in a sensitivity analysis (2.4.1 below). 8. Finally, we evaluated, for a subset of the data, the effect of sampling frequency on error due to sampling. To do this, we used a repeated measures analysis of variance to consider the effects of variation in sampling frequency from daily, to weekly, bi-weekly, monthly and every 4 months, on error due to sampling on the 20 km 2 simulated project footprints (2.4.2 below).
Data were prepared in ArcMap 10.3 (Esri, Redlands, CA, USA), and statistically analyzed with JMP Pro 12.2 (SAS Institute Inc., Cary, NC).
Data analysis
We evaluated if data collected at 15 min intervals were potentially biased because of the time between samples. Therefore, we tested the assumption that 15 min data reasonably represent time spent in point count plots by graphically comparing the error due to sampling from 30 s GPS data to those same 30 s data subsampled to 15 min on the 10% of days in which we collected 30 s telemetry data.
We used a linear mixed model to assess the potential effects of, and interactions among, size of project footprint, sampling type, sampling intensity, and season, on error due to sampling. To more closely approximate a normal distribution, for statistical analyses we logit transformed the values of our response variable (error due to sampling). Three of the fixed effects in our model (type, intensity, and season) were treated as repeated terms. This modeling approach considers all possible treatment combinations of interactions, including main effects (n = 4), two-way (n = 6), three way (n = 4), and four-way (n = 1) interactions. Because our design included two project footprints of each size (i.e. these were subjects), we collected two measurements for all treatment combinations (SI2).
As a form of sensitivity analysis, we evaluated changes in error due to sampling in response to variation in a single parameter. To do this, we sequentially varied sampling type, intensity and footprint size while holding all other parameters constant at each factor level.
Varying sampling frequency
To understand the effect of variation in sampling frequency (how often sampling is repeated) on error due to sampling, we compared error due to sampling on surveys done daily, weekly, every two weeks, monthly, and once every 4 months. Because of limitations to the number of data points for each individual, these data could not be included in the original model and this comparison was done in a separate analysis. To do this, we simulated 6 random point count plots on a 20 km 2 hypothetical project footprint and we calculated error due to sampling from those point counts. To increase the robustness of the analysis, we repeated 20 times the process of placing 6 random point count plots within the hypothetical project footprint and calculating error due to sampling. We then used a one way ANOVA to compare mean error due to sampling across the four sampling frequencies described above.
Results
We considered telemetry data from 13 golden eagles, including 6 males and 7 females. Twelve of those eagles (7 adults, 5 fledglings) were tracked in 2012, and 6 were tracked in 2013 (all adults that had also been tracked in 2012; Table 1 ). We collected 57,286 GPS data points within the study area in 2012 and 40,912 in 2013. Of these, 48,395 (84%) and 24,162 (59%), respectively, were within one of the eight project footprints. Each simulated project footprint was used by 0-6 telemetered eagles per year (Table 2) . Simulated point count plots were collectively used by eagles for 0-1283 h in 2012 and 0-533 h in 2013. Simulated project footprints were used by eagles for 0-7913 h in 2012 and 1.3-5248 h in 2013.
Comparison of error due to sampling estimated from 15 min vs 30 s data suggested that by using the 15 min data we only slightly overestimate the errors due to sampling in both calendar years, 2012 and 2013 (Fig. 3) . We therefore assumed that 15 min data reasonably represented time spent in point count plots and used those data for further analysis.
Error due to sampling was high and averaged 0.83 over the two years of our analyses. Because count data can either overestimate or underestimate actual use of project footprints, untransformed estimates of error due to sampling ranged from 0 to 1 (SI5 and Fig. 4) . Their distribution was heavily skewed to the right with a long leftward tail (skewness = −1.68, kurtosis = 1.81) and was far from Gaussian. Transformed values were dramatically closer to normally distributed (skewness = 0.37, kurtosis = −0.42).
3.1. Effects of sampling type, sampling intensity, footprint size and seasons on error due to sampling
The only main effect that had a statistically significant effect on error due to sampling was sampling intensity. This factor was not involved in any interaction and error due to sampling decreased as sampling intensity was increased F (1,132) = 20.62, p = 0.0106 (Table 3 , M. Sur et al. Ecological Indicators 88 (2018) 126-133 Fig . 5 ). This implied that as the spatial coverage of the project footprint by point count plots increased, the error due to sampling decreased. There was no effect of breeding season on error due to sampling and breeding season was also not involved in any statistically significant interactions. A term describing the interaction between two of the four fixed effects, the size of project footprint and type of sampling, also influenced error due to sampling F (6,132) = 6.57, p = 0.015 (Table 3 , Fig. 6 ). Predicted error due to sampling was greatest on 90 km 2 plots (Fig. 6) . However, the interaction became relevant because, when sampling was random, error due to sampling decreased on both larger and smaller plots. Predicted error due to sampling also was always greater when systematic or stratified sampling was used to define point count centroids. None of the four other two-way interactions, nor any of the three-way or four-way interactions, had a statistically significant effect on error due to sampling.
Sensitivity analysis
Although the large error estimates made interpretation difficult, our sensitivity analysis suggested that modeled predictions appeared most responsive to sampling intensity and type and least responsive to changes in footprint size (SI6). These trends were consistent with the patterns of rankings of the F-statistics in our model (Table 3) . Table 2 Numeric identifier of simulated project footprints ("Number", corresponding to those in Fig. 2 ), their size, number of GPS telemetry data points collected from golden eagles within each footprint ("# points"), total number ("# birds) and identification number ("Bird ID") of eagles in each footprint, by year. Data were used in a simulation study on the relationship between potentially observed point count data and actual use of hypothetical wind facility project footprints (error due to sampling) by eagles. collected 30 s data every 10th day, we compared hypothetical point count data inferred from the original 30 s data with those inferred from the same 30 s data subsampled to 15 min intervals. We then calculated the time spent by the eagles in the point count plots and the time spent in the entire project footprint using the 15 min and 30 s data sets and error due to sampling. Fig. 4 . Distribution of values of error due to sampling calculated across all simulation scenarios in study of the relationship between potentially observed point count data and actual use of hypothetical wind facility project footprints by telemetered golden eagles in California. Fig. 5 . Variation in the relationship between potentially observed point count data and actual use of hypothetical wind facility project footprints (error due to sampling) by telemetered golden eagles in California for two year (2012-13). Plots illustrate the actual value of error due to sampling for the main effect of sampling intensity.
Effect of sampling frequency on error due to sampling
Error due to sampling responded strongly to sampling frequency and plateaued close to 1 when sampling was least frequent (Fig. 7) . As we reduced the sampling frequency from measurements taken every day of the year to measurements taken weekly, bi-weekly, monthly or every 4 months, the errors due to sampling increased dramatically F (4,95) = 113.296, p < 0.001.
Discussion
For individual telemetered eagles, our best-case results suggest that day-long point count surveys covering up to 60% of a simulated project footprint provide a poor approximation of actual golden eagle use of that footprint. Because our protocols assume that detection probability of eagles is 100%, in an actual field survey the sampling data observers collect would represent reality even less effectively. The factors that influence how these surveys perform in simulation trials provide insight into specific mechanisms that could be considered to improve survey design.
Survey design, eagle ecology and simulated point count results
An interaction between eagle ecology and survey design likely influenced the results of our simulated point counts. For example, we knew that these eagles left the study area at certain times of the year (Braham et al., 2015) , and thus we expected, but did not find, seasonal variation in error due to sampling. This lack of an effect is likely due to the eagles' infrequent use of any particular project footprint. As a consequence, we observed dramatic within-month variation in error due to sampling that likely swamped among-season variation in this parameter.
Likewise, survey design alone also likely had a strong influence on the results of our simulated point counts. For example, although we expected that different approaches to sampling would strongly influence the error due to sampling, our results only partially support these expectations (Fig. 6) . In fact, sampling type mattered inconsistently across differently sized project footprints. Similarly, because more frequent sampling usually results in more frequent detections of wildlife, we expected, and found, a relationship between sampling intensity and error due to sampling.
The biology of the telemetered eagles influenced our results at a temporal scale in a way that may further inform refinement of sampling designs for eagles. Previous analyses of this same data set (Braham et al., 2015) showed strong inter-annual differences in size of home ranges. In 2012, a large proportion of the birds in the DRECP produced chicks, as did six of our telemetered birds. In that year, home ranges were relatively smaller and birds wandered less (Braham et al., 2015) . In contrast, in 2013 there was almost no successful breeding in the DRECP and the home ranges of telemetered eagles increased substantially and eagles spent more time out of the study area (Braham et al., 2015) . Although we were aware of these differences, our data were too sparse to test for an effect of inter-annual variation in error due to sampling. However, given the dramatic differences in eagle behavior among the two years for which we had telemetry data, we suspect that were we able to test for it, we would have detected such an effect. Thus, if managers wish to improve design of the eagle surveys we evaluated, it may be helpful to incorporate long-term monitoring data into survey design at specific sites (e.g., a site with high inter-annual variation in eagle behavior may require more years of surveys than a site with more consistent behavior patterns). Fig. 6 . Variation in the relationship between potentially observed point count data and actual use of hypothetical wind facility project footprints (error due to sampling) by telemetered golden eagles in California for two years (2012-13). Plots illustrate the value of predicted error due to sampling for two-way interactions between (a) size of the project footprint and (b) sampling type. Fig. 7 . Variation in the relationship between potentially observed point count data and actual use of hypothetical wind facility project footprints (error due to sampling) by telemetered golden eagles in California resulting from hypothetical point counts conducted at daily, weekly, bi-weekly, monthly or every 4 months intervals.
Finally, in evaluating survey design, it is important to bear in mind that most of our calculations were based on best case scenarios in which surveys were conducted continuously throughout the year. It is therefore intuitive that as we reduced our sampling frequency to more realistic scenarios of weekly, monthly or every 4 months, the efficacy of the point counts declined significantly. Continuous monitoring is rarely possible and monitoring regimes capable of detecting trends are weakened by observational and economic constraints (Field et al., 2005) . As such, the patterns we observed are likely illustrative of the difficulty in designing logistically feasible yet effective surveys for this species.
Improving point count sampling
Our statistical analyses suggest that efforts to improve eagle surveys could focus especially on sampling frequency, sampling intensity, and accounting for size of the project footprint. These factors were all reflective of the number of observations of eagles collected. Taken together they suggest that current surveys on point count plots may collect too few measurements to allow strong inference to project footprints.
For rare and sparsely-distributed species such as golden eagles, success in monitoring requires sampling designs that account for context-specific parameters such as the size and topography of the project footprint. It has been suggested that the number of point count surveys should factor in the size of the project and representative habitats at turbines (Strickland et al., 2011 ). An innovative approach to solving this sampling problem may be use of resource selection functions (RSF; Manly et al., 2002a) to design a stratified sampling scheme (Thompson, 2004) . This technique involves creating a RSF to describe the likelihood of use of each habitat type present and then stratifying sampling to focus on habitat types that the focal species is selecting. Often this process requires a two-phase approach, with an initial survey to estimate resource selection functions that can be used in phase two to assign survey plot locations (Manly et al., 2002b) The variation we observed in error due to sampling speaks to the need to adjust sampling to account for local eagle ecology. For example, golden eagles can show many types of seasonal movements (Watson, 2010; Watson et al., 2014; Braham et al., 2015) . Although an eagle in California desert may spend all year tightly on a territory, eagles counted there may include seasonal migrants to the region and local eagles may show altitudinal or short-distance seasonal movements that influence detection rates. Adaptive sampling designs have been used to improve precision and efficiency of surveys to aid management outcomes (Thompson, 1990; Yoccoz et al., 2001) . Adapting surveys for eagles to account for these movements would likely reduce error due to sampling and improve the information surveys provide.
Conclusions
Improving wildlife surveys to avoid or minimize potential consequences of energy infrastructure development on species can be challenging, expensive and time-consuming. Simulations can be an effective way to test the efficiency of candidate survey methods. Although our work focuses on individual eagles (not eagle populations), our analysis shows the utility of simulations as a potential mechanism to improve surveys at wind energy facilities by considering the contextspecific way point counts are laid out on the landscape. Our work demonstrates not only the problems associated with sampling for species such as golden eagles, but also that the effectiveness of point count sampling at wind facilities is strongly dependent on the size of the wind facilities, the type of sampling undertaken and the degree to which point count plots cover the area of the project footprint. Continued evaluation and improvement of monitoring efforts could proceed further using empirical data, incorporating meteorological and topographic information to better understand eagle flight, or running simulations in an iterative framework such as we present here. Such future efforts should also explore how these results, based on sampling of individuals, relate to use of the project footprint by eagle populations more broadly.
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SI1:
The US Fish and Wildlife Eagle Conservation Plan Guidance (ECPG) provides specific recommendations for point count surveys of golden eagles to assess use of existing and proposed wind facilities (e.g. Strickland et al. 2011 , USFWS 2013 . These can be summarized as follows:
 point counts carried out from the center of a fixed 800 m radius plot (~2 km 2 );
 plots located either randomly, systematically or in a stratified manner within the project footprint (we refer to these as "sampling types");
 point count centroids at vantage points to maximize visibility of eagles;
 plots laid out such that there is ≥30% spatial coverage of the project footprint (we refer to spatial coverage as the "sampling intensity");
 recording the number of eagles observed and the number of minutes they were in flight within the plot;
 conducting point counts for 1, 2 or more hrs.
Beyond ensuring a minimum of 30% coverage of a facility, the Eagle Conservation Plan makes only general recommendations about adjusting sampling effort based on the size of the wind facility.
SI2: Converting telemetry data to hypothetical survey data.
To convert our telemetry data to hypothetical survey data, we simulated modified point count plots within project footprints. Locations for point count stations were selected based on the different sampling approaches (SI3). We then used telemetry data from the 13 instrumented golden eagles to calculate the time spent by each bird in 800m plots centered on those stations.
These data differ from those collected during a true eagle point count because a true count would include observations from all eagles detected, regardless of whether or not they were telemetered. Our data only include observations from our telemetered birds and other nontelemetered eagles may have been present at the same time.
We assumed that birds entered the sampling plot at the time of the first fix located within the plot and that they left at the time of the first subsequent fix located outside the plot; that is, we did not try to interpolate time or distance between points. Because we used GPS fixes as a proxy for human observations, our analysis also simplifies the reality of sampling by assuming that all possible observations of individual animals are recorded and that detection probability is 100%.
We calculated the total time spent by the birds in the point count plots and the time spent in the project footprint as if a counter was present all day every day, all year (i.e., conducting continuous surveys). We assume that estimates of error due to sampling generated by continuous sampling are best-case scenarios as compared to shorter surveys that would normally be conducted during point count sampling.
SI3: Details of size, shape and placement of simulated wind facility project footprints used to evaluate effectiveness of surveys for individual golden eagles within a pre-defined study area (see Fig. 1a ) in California.
We simulated project footprints of 20, 40, 90 and 180 km 2 to capture a range of sizes of wind facilities (Fig. 2 ). There were no consistent patterns that we could find in the shape of existing project footprints and so we simulated only rectangular project footprints. This simplified our analyses by assuming that estimation of eagle use of an area would not be influenced by the shape of the project footprint.
We randomly selected potential locations for placement of the footprints within our study area.
We retained potential footprints if they contained >50 GPS telemetry fixes from eagles for at least one of the two years of the study. If the potential footprint contained ≤50 fixes, we discarded that location and we randomly selected a new location for the project footprint. We iteratively repeated this process until all footprints were assigned non-overlapping positions on the landscape (Fig. 2 The ways in which point count plots are distributed within the simulated project footprints are 5 defined by the sampling type, which could be either simple random, systematic or stratified. In 6 all cases, the number of point count centroids was determined by the sampling intensity (below) 7 and the point count plots never overlapped.
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